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(g) Semiconductor Integrate circuit device having N- and P- type Insulated-gate field effect transistors 
and its production method. 



@ A semiconductor integrated circuit device 
having n- and p-type insulated-gate FETs is 
provided. First and second side wall spacers 
(29a, 29b) each made of an insulating film are 
provided respectively around the gate electrode 
(25a) of the p-type FET and the gate electrode 
(25b) of the n-type FET and, a third side wall 
spacer (29c) made of an insulating film is ad- 
ditionally provided only on the side surface of 
the second side wall spacer. The first and sec- 
ond side wall spacers are substantially equal in 
thickness to each other. As a result, the thick- 
ness of the spacer of the p-type FET becomes 
larger than that of the n-type FET, thus being 
capable of forming the spacers with the 
optimum thickness respectively for the nand 
p-type FETs. Consequently, satisfactory per- 
formance and reliability can be provided on 
both types of the FETs. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a semiconductor inte- 
grated circuit device and its production method and 
more particularly, to a semiconductor integrated cir- 
cuit device having n-type and p-type insulated-gate 
field effect transistors and having side wall spacers 
formed on the side surfaces of the gate electrodes of 
these transistors for providing a lightly doped drain 
(LDD) structure to both transistors and its production 
method. 

2. Description of the Related Art 

Recently, there is an increasing trend to make 
semiconductor integrated circuit devices smaller in 
size accompanied with the growing tendency toward 
high integration and high speed performance. Under 
such a circumstance, in the case of being a semicon- 
ductor integrated circuit device having n- and p-chan- 
nel MOS field effect transistors (MOS transistors) 
formed on a semiconductor substrate, the character- 
istic degradation of the MOS transistors themselves 
due to hot-electron injection has been arisen as a 
problem to be overcome. In order to cope with such 
problem, lightly doped drain (LDD) structured ones 
having an electric field relaxed in the vicinity of the 
drain region have been frequently used. The LDD 
structure is that side wall spacers made of insulating 
films are provided on the side surfaces of the gate 
electrodes of the MOS transistor and such regions 
that are lower in impurity concentration than the 
source region and drain regions are formed in self- 
alignment in the semiconductor substrate, thus the 
effective channel length being increased by these re- 
gions having lower impurity concentrations. 

A conventional semiconductor integrated circuit 
device having n and p MOS transistors and having the 
LDD structure is shown in Fig. 1C, which has an n 
MOS transistor and a p MOS transistor adjacently 
formed respectively in the left and right side of the fig- 
ure. 

In Fig. 1C, on the surface of a p-type silicon sub- 
strate 1, an n well 2 and a field oxide film 3 (600 nm 
thick) for device isolation are formed. On the surface 
of each active region formed by the field oxide film 3, 
in an n-channel region, that is, an area other than the 
n well 2, a gate oxide film 4a (15 nm thick) and a gate 
electrode 5a (400 nm thick) made of a polysilicon film 
are laminated in this order, and in the n well 2, or in 
a p-channel region, a gate oxide film 4b (15 nm thick) 
and a gate electrode 5b (400 nm thick) made of a poly- 
silicon film are laminated in this order. On the side 
surfaces of the gate electrodes 5a and 5b, side wall 
spacers 9a and 9b each made of a silicon oxide (Si0 2 ) 
film are respectively forced so as to surround them. 



In the n-channel region, a pair of n~ diffusion re- 
gions 6 having low impurity concentration and a pair 
of n + diffusion regions 10 having high impurity con- 
centration are respectively formed symmetrically with 

5 respect to the gate electrode 5a. One of the n + diffu- 
sion regions 10 becomes the source region and the 
other becomes the drain region. Similarly, in the p- 
channel region, a pair of p" diffusion regions 7 having 
low impurity concentration and a pair of p + diffusion 

10 regions 11 having high impurity concentration are re- 
spectively formed symmetrically with respect to the 
gate electrode 5b, one of the regions 11 becoming the 
source region and the other thereof becoming the 
drain region. 

15 On the surface of the device of Fig. 1 C, an inter- 

layer insulating film made of silicon dioxide and a wir- 
ing layer made of an aluminum alloy are formed in this 
order (which are not shown here). The wiring layer is 
contacted through contact holes respectively to the 

20 gate electrodes 5a and 5b and a pair of diffusion re- 
gions 10 and a pair of diffusion regions 11. 

With the conventional device structured as 
above, the n diffusion regions 6 and p" diffusion re- 
gions 7 are formed respectively beneath the side wall 

25 spacers 9a and 9b and as a result, the effective chan- 
nel length of each of the n~ and p-type MOS transis- 
tors can be increased. 

The conventional device as shown above is gen- 
erally produced as follows; 

30 First on the surface of the p silicon substrate 

1 , the n well 2 and the field oxide film 3 are selectively 
formed and then, on the active regions formed by the 
field oxide films 3, the gate oxide film 4a and the gate 
electrode 5a of a polysilicon film are laminated in the 

35 n-channel region in this order and the gate oxide film 
4b and the gate electrode 5b of a polysilicon film are 
laminated in the p-channel region in this order, the 
state of which is shown in Fig. 1A. 

Subsequently, phosphorus (P) ion is implanted 

40 selectively into the n-channel region at a dose of 
5x1 0 13 cnrr 2 with the gate electrode 5a as a mask 
thereby forming the pair of the n~ diffusion regions 6 
low in impurity concentration. In addition, boron (B) 
ion is implanted selectively into the p-channel region 

45 at a dose of 3x10 13 cm- 2 with the gate electrode 5b as 
a mask thereby forming the pair of the p" diffusion re- 
gions 7 low in impurity concentration. 

Next, on the substrate 11 thus ion-implanted, a 
silicon dioxide film 8 (200 nm thick) is formed by a 

so chemical vapor deposition (CVD) method, the state of 
which is shown in Fig. 1 B. Subsequently, a mask hav- 
ing a predetermined pattern is disposed on the oxide 
film 8 and then, the anisotropic, reactive ion etching 
(RIE) technique using CHF 3 gas is applied to the ox- 

55 ide film 8, remaining the film 8 only on the side sur- 
faces of the gate electrodes 5a and 5b. Thus, as 
shown in fig. 1C, the side wall spacers 9a and 9b of 
a silicon oxide film are respectively formed so as to 
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surround the gate electrodes 5a and 5b. 

Next, arsenic (As) ion is implanted selectively into 
then-channel region at a dose of 5x1 0 1 5 cmr 2 with the 
gate electrode 5a and the side wall spacer 9a as a 
mask thereby forming the pair of the n + diffusion re- s 
gions 10. Similarly, boron fluoride (BF2) ion is implant- 
ed into the p-channel region at a dose of 5x1 0 15 
crrr 2 with the gate electrode 5b and the side wall 
spacer 9b as a mask thereby forming the pair of the 
p + diffusion regions 11 . Thereafter, the heat treatment 10 
is carried out at 900 °C for ten minutes under the ni- 
trogen atmosphere thereby annealing the regions 10 
and 11. Thus, the n + diffusion regions 10 and p + dif- 
fusion regions 11 respectively becoming the source 
region and the drain region of each transistor are 15 
formed in self-alignment, the state of which is shown 
in Fig. 1C. 

Then, the inter-layer insulating film of silicon ox- 
ide is deposited on the entire surface of the substrate 
1 , then, contact holes are formed in the inter-layer in- 20 
sulating film and thereafter, the wiring layer of an alu- 
minum alloy is formed thereon and patterned. Conse- 
quently, the conventional semiconductor integrated 
circuit device having n and p MOS transistors is pro- 
duced. 25 

With the conventional device described as 
above, some disadvantageous points are frequently 
generated on performance and reliability in one or 
both of the n and p MOS transistors. 

Thus, an object of this invention is to provide a 30 
semiconductor integrated circuit device having n-type 
and p-type insulated gate field effect transistors ca- 
pable of obtaining satisfactory performance and reli- 
ability on both types of the insulated gate field effect 
transistors and ap reduction method of the same. 35 

Another object of this invention is to provide a 
semiconductor integrated circuit device having n- and 
p-type insulated gate field effect transistors and a bi- 
polar transistor whose emitter and base can be 
formed in self-alignment without increasing the n urn- 40 
ber of production steps and the performance and re- 
liability of the both types of the field effect transistors 
and the bipolar transistor can be satisfactorily ob- 
tained. 

45 

SUMMARY OF THE INVENTION 

In a first aspect of this invention, a semiconductor 
integrated circuit device having n- and p-type insulat- 
ed-gate field effect transistors (FET), each having a so 
lightly doped drain (LDD) structure, is provided. 

This device has a first side wall spacer and a sec- 
ond side wall spacer, each made of an insulating film, 
respectively formed around the gate electrode of the 
p-type insulated-gate FET and the gate electrode of 55 
the n-type insulated-gate FET, and a third side wall 
spacer mede of an insulating film formed only on the 
outside surface of the second side wall spacer. 



Generally, the diffusion constant of an ion (for ex- 
ample, boron) injected into the substrate of the p-type 
insulated-gate FET is larger than that of an ion (for ex- 
ample, phosphorus or arsenic) injected into the sub- 
strate of the n-type insulated-gate FET, which means 
that the p + diffusion region is easy to be expanded to 
the channel side by the heat treatment after ion- im- 
plantation. As a result, the p-type insulated-gate FET 
having the LDD structure has the short channel ef- 
fect remarkably appeared, resulting in easy reduction 
of the effective channel length. Accordingly, the p-ty- 
pe insulated-gate FET is required to set the thickness 
of the side wall spacer so as to be rather large. 

On the other hand, in the n-type insulated-gate 
FET having the LDD structure, if the thickness of the 
side wall spacer is large, the n" diffusion region to be 
formed becomes long, so that the series resistance 
to the pair of the n + diffusion regions, that is , to the 
source and drain regions is increased. As a result, it 
is impossible to make the thickness of the side wall 
spacer so large. 

Accordingly, the semiconductor integrated circuit 
device of the first aspect features that around the 
grate electrode of the n-type insulated-gate FET, only 
a first side wall spacer is provided and around the 
gate electrode of the p-type insulated-gate FET, a 
second side wall spacer substantially equal in thick- 
ness to the first side wall spacer is provided and a 
third side wall spacer is provided on the outside sur- 
face of the second side wall spacer thereby making 
the total thickness of the side wall spacers of the p- 
type insulated-gate FET larger than that of the n-type 
insulated-gate FET, so that the side wall spacers 
each having the optimum thickness can be formed on 
both types of the transistors, thus providing satisfac- 
tory performance and reliability to both transistors. 

In a preferred embodiment, the second side wail 
spacer of the p-type FET has the thickness substan- 
tially equal to that of the first side wall spacer of the 
n-type FET. This is advantageous in that there is no 
need to take account of the types of the FET, n and 
p, when the first abd second side wall spacers are 
formed. 

The first, second and third side wail spacers may 
be made of an insulating film of the same material or 
made of insulating films of different materials from 
each other. 

The thickness of the first and second side wall 
spacers are preferable to be set at the optimum value 
in accordance with the size of the gate electrode tak- 
ing account of the performance and reliability of the 
n-type FET. The thickness of the third side wall 
spacer is preferable to be set the sum of the thick- 
nesses of the second and third side wall spacers at 
the optimum value in accordance with the size of the 
gate electrode taking account of the performance and 
reliability of the p-type FET. 

A bipolar transistor can be provided on the sem- 
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(conductor substrate, In this case, it is preferable that 
an insulating film of the same material as that of the 
third side wall spacer is provided on the emitter region 
and base region of the bipolar transistor and that the 
emitter and base regions are formed in self- s 
alignment 

In a second aspect of this invention, a production 
method of the semiconductor integrated circuit device 
of the first aspect is provided. 

This production method comprises a steps of 10 
forming a first side wall spacer and second side wall 
spacer, each made of a first insulating film, respec- 
tively around the gate electrode of the n-type insulat- 
ed-gate FET and the gate electrode of the p-type in- 
sulated-gate FET, and a step of forming a third side 15 
wall spacer made of a second insulating film only on 
the outside surface of the second side wall spacer of 
the p-type FET. 

In a preferred embodiment, the step of forming 
the third side wall spacer comprises a step of forming 20 
a second insulating film so as to cover the surfaces 
of the both type FETs having the first and second side 
wall spacers formed and a step of an isotropics II y 
etching the second insulating film so that the second 
insulating film is remained in the predetermined area 25 
around the gate electrode of the p-type FET and in 
the area whkJh covers the surface of the n-type FET 
therewith. 

The first and second insulating films may be 
made of the same material or made of different ma- 30 
terials from each other. 

In a third aspect of this invention, a semiconduc- 
tor integrated circuit device having n- and p-type in- 
sulated-gate FETs, each having the LDD structure, is 
provided. 35 

This device is that a side wall spacer, made of an 
insulating film, formed on the side surface of the gate 
electrode of the p-type insulated-gate FET is made 
larger in thickness than the side wall spacer, made of 
an insulating film, formed on the side surface of the 40 
n-type insulated-gate FET. 

The side wall spacer of the p-type FET is prefer- 
able to be made of a single insulating film. 

The device in the third aspect makes it possible 
to provide satisfactory performance and reliability to 45 
both types of the transistors for the same reasons as 
in the first aspect. 

In the device of this aspect, with a mask disposed 
on the insulating film for forming the side wail 
spacers, a through-hole formed at the position cor re- 50 
s ponding to the gate electrode of the p-type FET is 
made larger in size than a through-hole formed at the 
position corresponding to the gate electrode of the n- 
type FET and, and the anisotropic reactive ion etching 
(RIE) using the mask is carried out, thus being ca pa- 55 
ble of easily producing the device of this aspect. 

In a fourth aspect of this invention, a production 
method of a semiconductor integrated circuit device 



having n- and p-type insulated-gate FETs, each hav- 
ing the LDD structure, and a bipolar transistor formed 
on a semiconductor substrate is provided. 

This production method comprises a step of 
forming a first side wall and a second side wall, each 
made of a first insulating film, respectively on the side 
surface of the gate electrode of the n-type FET and 
the side surface of the gate electrode of the pptype 
FET, a step of forming a second insulating film on the 
surface of the n- and p-type FETs respectively having 
the first and second side walls formed thereon and on 
the surface of the bipolar transistor, and a step of 
etching the second insulating film with a mast dis- 
posed of the second insulating film so that the sec- 
ond insulating film around the second wall of the p- 
type FET and in the other area than the emitter and 
base regions of the bipolar transistor may be removed 
and thereby a third side wall spacer is formed of the 
insulating film remained around the second side wall 
spacer and at the same time, a masking insulating 
film having through- holes respectively extended to 
the surfaces of the emitter and base regions Is 
formed on the emitter and base regions. 

In a preferred embodiment, this production meth- 
od further comprises a step of forming an emitter 
electrode on the masking insulating film on the emit- 
ter and base regions by a lithography technology, and 
a step of performing ion-implantation into the emitter 
and base regions with a resist and the masking insu- 
lating film as a mask, while a resist film used for form- 
ing the emitter electrode is being remained thereon, 
with the remained resist film and the mask ing insu- 
lating film as a mask. 

According to the production method of this as- 
pect, without adding any step newly to the production 
method of the second aspect, the emitter and base 
regions of the bipolar transistor can be formed in self- 
alignment As a result, the performance and reliability 
of the bipolar transistor also can be improved addi- 
tionally to the improvement of those of the n- and p- 
type insulated-gate FETs. 

In the first, second, third and fourth aspects, the 
insulated-gate FET is not limited to an MOS transistor, 
and as a result, any other transistor man be applied 
for this purpose, if it is a field effect transistor having 
an insulated-gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to 1C cross-sect iona II y show a conven- 
tional semiconductor integrated circuit device. 

Figs. 2A to 2C cross-sectionally show a semicon- 
ductor integrated circuit device of a first embodiment 
of this invention in the order of processing procedures 
in its production method. 

Figs. 3A to 3D cross-sect ionally show a semicon- 
ductor integrated circuit device of a second embodi- 
ment of this invention in the order of the processing 
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procedures in its production method. 

Fig. 4 is a cross-sectional view of a semiconduc- 
tor integrated circuit device of a third embodiment of 
this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of this invention will be 
described below while referring to the drawings. 

[First Embodiment] 

A semiconductor integrated circuit device accord- 
ing to a first embodiment of this invention is shown in 
Fig 2C, which has n-channel MOS transistor (n MOS 
transistor) and a p-channel MOS transistor (p MOS 
transistor) each having the LDD structure. In this de- 
vice, an n MOS transistor and a p MOS transistor re- 
spectively formed adjacently on the left and right 
sides of the figure. 

In fig. 2C, an n well 22 and a field oxide film 23 
(600 nm thick) for device isolation are formed on the 
surface of a p-type silicon substrate 21. On the sur- 
face of each active region formed by the field oxide 
film 23, in the n-channel region, that is, the area other 
than the n well 22, a gate oxide film 24a (400 nm 
thick) and a gate electrode (400 nm thick) of a poly- 
silicon film are laminated in this order, and in the p- 
channel region, that is, in the n well 22, a gate elec- 
trode 24b (1 5 nm thick) and a gate electrode 25b (400 
nm thick) of a polysilicon film are laminated in this or- 
der. On the side surfaces of the gate electrodes 25a 
and 25b, a first side wall spacer 29a and a second 
side wall spacer 29b (each about 200 nm thick) of sil- 
icon dioxide (SiO^ films are respectively formed so 
as to surround them. 

A third side wall spacer 29c (about 200 nm thick) 
of a silicon dioxide (Si0 2 ) film is formed on the side 
surface of the second side wait spacer 29b of the gate 
electrode 25b of the p MOS transistor so as to sur- 
round the periphery thereof. 

As shown above, this device is that the gate elec- 
trode 25a of the n MOS transistor is surrounded by 
the first side wall spacer 29a only and on the other 
hand, the gate electrode 25b of the p MOS transistor 
is doubly surrounded by the second and third side 
wall spacers 29a and 29c. As a result, the thickness 
of the spacer insulating film provided around the gate 
electrode 25a is about 200 nm and on the other hand, 
the total thickness of the spacer insulating films pro- 
vided around the gate electrode 25b is about 400 nm, 
thus the latter becoming substantially twice the for- 
mer. 

In the n-channel region, a pair of n~ diffusion re- 
gions 26 having low impurity concentration and a pair 
of n + diffusion regions 30 having high impurity con- 
centration are respectively formed symmetrically with 



respect to the gate electrode 25a, one of the regions 
30 becoming the source region and the other thereof 
becoming the drain region. In the p-channel region, 
similarly, a pair of p" diffusion regions 27 having low 

5 impurity concentration and a pair of p + diffusion re- 
gions 31 having high impurity concentration are re- 
spectively formed symmetrically with respect to the 
gate electrode 25b, one of the region 31 becoming 
the source region and the other thereof becoming the 

10 drain region. 

The surface of the device shown in Fig. 2C is cov- 
ered with an inter-layer insulating film 32 of silicon di- 
oxide and a wiring layer (not shown) of an aluminum 
alloy is formed thereon. The wiring layer is connected 

15 through contact holes formed in the inter-layer insu- 
lating f 9m 32 respectively to the gate electrodes 25a 
and 25b and n + diffusion regions 30 and 31. 

In the above-mentioned device, the n MOS tran- 
sistor has the n" diffusion regions 26 having low irrv 

20 purity concentration formed beneath the first side 
wall spacer 29a of the gate electrode 25a and the p 
MOS transistor has the p~~ diffusion regions 27 having 
low impurity concentration formed beneath the sec- 
ond and third side wall spacer 29b and 29c of the gate 

25 electrode 25b, thus becoming the LDD structure. As 
a result, the effective channel length of each of the n 
and p MOS transistors can be improved. 

In addition, the length of the p~ diffusion regions 
27 becomes about two times the length of the n" drf- 

30 fusion regions 26 corresponding to the relation be- 
tween the thickness of the first side wall spacer 29a 
and those of the second and third side wall spacers 
29b and 29c, which means that the effective channel 
lengths of both n and p MOS transistors can be set 

35 respectively to the optimum values. Accordingly, sat- 
isfactory performance and reliability can be obtained 
on both n and p MOS transistors. 

A production method of the semiconductor inte- 
grated circuit device will be explained below by refer- 

40 ring to Figs. 2A to 2C. 

On the surface of the p-type silicon substrate 21, 
the n well 22 and the field oxide film 23 (600 nm thick) 
are selectively formed, and on the surfaces of active 
regions formed by the field oxide film 23, the gate ox- 

45 ide films 24a and 24b (each 1 5 nm thick) and the gate 
electrodes 25a and 25b (each 400 nm thick) of a poly- 
silicon film are laminated in this order. 

Subsequently, phosphorus (P) ion is implanted 
selectively into the n-channel region at a dose of 5 x 

so 10 13 cnr 2 with the gate electrode 25a as a mask 
thereby forming the pair of the n" diffusion layers 26 
having low impurity concentration in self- alignment. In 
addition, boron (B) ion is implanted selectively into 
the p-channel region at a dose of 3 x 10 13 crrr 2 with 

55 the gate electrode 25b as a mask thereby forming the 
pair of the p" diffusion layers 27 having low impurity 
concentration in self-alignment, the state of which is 
shown in Fig. 2B. The above-mentioned procedures 
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are the same as those of the conventional one al- 
ready explained above. 

Next, on the substrate 21 thus ion-implanted, a 
first oxide film (200 nm thick, not shown) of silicon di- 
oxide is formed by the CVD method. Then, a mask 
having a predetermined pattern is disposed on the 
first oxide film and the anisotropic reactive ion etch- 
ing (RIE) technique using CHF 3 gas is applied to the 
first oxide film thereby remaining the first oxide film 
only on the side surfaces of the gate electrodes 25a 
and 25b. As a result, as shown in Fig. 2C, the first and 
second side wall spacers 29a and 29b (each about 
200 nm thick) are respectively formed on the side 
surfaces of the gate electrodes 25a and 25b so as to 
surround them. 

Then, arsenic (As) ion is implanted selectively 
into the n-channel region at a dose of 5x1 0 16 crrr 2 
with the gate electrode 25 and first side wall spacer 
29a as a mask. As a result, the pair of the n + diffusion 
regions 30, that is, the source and drain regions of the 
n MOS transistor are formed in self-alignment. 

Next, on the surface of the device thus ion-im- 
planted, a second oxide film 28 (200 nm thick) of sil- 
icon dioxide is formed by the CVD method, then, a 
mask having a predetermined pattern having an 
opening at the position corresponding to the p- chan- 
nel region is disposed thereon and the anisotropic re- 
active ion etching technique using CHF 3 gas is ap- 
plied selectively to the oxide film 28 only on the p- 
channel region, thus remaining the second oxide film 
28 only on the side surfaces of the second side wall 
spacer 29b and the gate electrode 25b. Thus, the 
third side wall spacer 29c (about 200 nm thick) is 
formed on the side surface of the second side wall 
spacer 29a, the state of which is shown in Fig. 2B. As 
seen from Fig. 2B, the second bride film 28 is re- 
mained on the n-channel region at that time. 

Next, boron fluoride (BF2) ion is implanted selec- 
tively into the p-channel region at a dose of 5x1 0 16 
crrr 2 with the gate electrode 25b and the second and 
third side wall spacers 29b and 29c as a mask, thus 
the source region and drain region, namely, the pair 
of the p + diffusion layers 31 of the p MOS transistor 
is formed in self-alignment. Thereafter, heat treat- 
ment is carried out at 900 °C for ten minutes under t he 
nitrogen atmosphere for annealing. 

Subsequently, as in the prior art, the inter-layer 
insulating film 32 of silicon dioxide is formed on the 
entire surface thereof, the state of which is shown in 
Fig. 2C. Then, contact holes are formed in the inter- 
layer insulating film 32 and a wiring layer of an alumi- 
num alloy is formed thereon. Thus, the semiconduc- 
tor integrated circuit device of this embodiment is fin- 
ished. 

[Second Embodiment] 

A semiconductor integrated circuit device of a 



second embodiment of this invention is shown in Fig. 
3D, which has n and p MOS transistors each having 
the LDD structure and a bipolar transistor. The n MOS 
transistor, the p MOS transistor and the bipolar tran- 

5 sis tor are adjacently disposed at the left side, the 
center and the right side of the figure, respectively. 

In Fig. 3D, on the surface of a silicon substrate 41 
having an n-type epitaxial layer are selectively 
formed an n well 42, a p well 55 and a field oxide film 

10 43 (600 nm thick) for the device insulating isolation. 
Referring to the active regions formed by the field ox- 
ide film 43, in the p well 55, that is, in the n-channel 
region, a gate oxide film 44a and a gate electrode 45a 
of an n + polysilicon film are laminated in this order, 

15 and in the n-channel well 42, that is, in the p-channel 
region, a gate oxide film 44b and a gate electrode 45b 
of an n + polysilicon film are laminated in this order. 

A first side wall spacer 49a (about 200 nm thick) 
of a silicon dioxide film is formed on the side surface 

20 of the gate electrode 45a so as to surround the same. 
A second side wall spacer 49b (about 200 nm thick) 
of a silicon dioxide film is formed on the side surface 
of the gate electrode 45b so as to surround the same, 
and a third side wall spacer 49c (about 200 nm thick) 

25 is formed on the outside of the second side wall 49b 
thus formed. 

In this device, as that of the first embodiment the 
gate electrode 45a of the n MOS transistor is sur- 
rounded only by the first side wall spacer 49a, but the 

30 gate electrode 45b is surrounded doubly by the sec- 
ond and third side wall spacers 49b and 49c. As a re- 
sult the total thickness of the insulating films around 
the gate electrode 45b becomes about two times that 
of the insulating film around the gate electrode 45a. 

35 In the n-channel region, a pair of n* diffusion re- 

gions 46 having low impurity concentration and a pair 
of n + diffusion regions 50 having high impurity con- 
centration are formed symmetrically with respect to 
the gate electrode 45a. One of the n + diffusion re- 

40 gions 50 becomes the source region and the other 
thereof becomes the drain region. Similarly, in the p- 
channel region, a pair of p" diffusion regions 47 hav- 
ing low impurity concentration and a pair of p + diffu- 
sion regions 51 having high impurity concentration 

45 are formed symmetrically with respect to the gate 
electrode 45b, one of the regions 51 becoming the 
source region and the other thereof becoming the 
drain region. 

The structure of the n and p MOS transistors 

50 mentioned above is similar to that of the first embodi- 
ment. 

In the active region adjacent to the n well 42, a 
base/ emitter region 62 is formed, which comprises 
an emitter region 61 made of an n" diffusion region 
55 and a base region 62a made of an p + diffusion region. 
On the emitter region 61 is formed an emitter elec- 
trode 60 of an n + polysilicon film. 

In the active region adjacent to the base/emitter 
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region 62, a collector region 56, that is, the n + diffu- 
sion region and a collector electrode 57 of an n + poly- 
silicon film are also formed in this order. On the side 
surface of the collector electrode 57, a fourth side 
wall spacer 49d of a silicon dioxide film which is sim- 
ilar to the second and third side wall spacers 49b and 
49c is forced so as to surround the same. 

On the surfaces of the gate electrode 45a and 
first side wall spacer 49a and the surface of the n- 
channel region of the substrate 41, a second oxide 
film 48 of the same silicon dioxide as is used for form- 
ing the third side wall spacer 49c is provided so as to 
cover them. The base/ emitter region 62 is covered 
with the second oxide film 48 while partially remain- 
ing respective surfaces of the emitter and base re- 
gions 61 and 62a. The surface of the emitter region 
61 is contacted to the emitter electrode 60, and the 
surface of the base region 62a is not covered with the 
second oxide film 48 but covered with an inter-layer 
insulating film 64 shown later. 

The surface of the collector region 56 is entirely 
covered with the collector electrode 57. The surface 
of the collector electrode 57 and the surface of the 
fourth side wall spacer 49d formed therearound are 
covered with the second oxide film 48. 

A first oxide film of silicon dioxide, which is not 
shown, is used for forming the first and second side 
wall spacers 49a and 49b. 

The n and p MOS transistors and the bipolar tran- 
sistor shown above have their surfaces covered with 
the inter- layer insulating film 64 of silicon dioxide. On 
the inter-layer insulating film 64, a wiring layer of an 
aluminum alloy is formed. The wiring layer thus 
formed is connected through contact holes formed in 
the inter-layer insulating film respectively to the gate 
electrodes 45a and 45b, emitter electrode 60 and col- 
lector electrode 57. 

With the device structured as above, the n" dif- 
fusion regions 46 having low impurity concentration 
are formed in pair beneath the first side wall spacer 
49a of the gate electrode 45a of the n MOS transistor 
and the p diffusion regions 47 having low impurity 
concentration are formed in pair beneath the second 
and third side wall spacers 49b and 49c of the gate 
electrode 45b of the p MOS transistor, thus making 
the LDD structure. As a result, the effective channel 
length of each of the n and p MOS transistors can be 
increased. 

The p~ diffusion regions 47 have the length about 
two times the n diffusion regions 46 corresponding 
to the side wall spacer 49a and the side wall spacers 
49b and 49c, so that the effective channel length of 
each of the n and p MOS transistors can be set to the 
optimum value. As a result, in this second embodi- 
ment, as in the first embodiment, satisfactory perfor- 
mance and reliability can be obtained on both n and 
p MOS transistors. 

Next, the production method of the device of the 



second embodiment as described above wHI be ex- 
plained by referring to Figs . 3 A to 3D. 

First, the n well 42, p well 55 and field oxide film 
43 are selectively formed on the silicon substrate 41 

5 having an n-type epitaxial lager, then, an oxide film is 
selectively formed excepting the area where to be- 
come the collector region, an n + poiysilicon film (400 
nm thick) is deposited thereon and heat-treated at 
850 °C for twenty minutes, thus forming the n + diffu- 

w sk>n region, that is, the collector diffusion region 56 
in the area where to become the collector region in 
the substrate 41. 

Subsequently, the oxide film thus formed is pat- 
terned and the gate insulating film 44a is formed in 

15 the n-channel region of the n well 42 and the gate ox- 
ide film 44b is forced in the p-channel region of the p 
well 55. Then, an n + poiysilicon film is formed on the 
entire surface of the substrate 41 which has the col- 
lector diffusion region 56 thereon and patterned, thus 

20 forming the gate electrodes 45a and 45b respectively 
on the gate oxide films 44a and 44b and the collector 
electrode 57 on the collector diffusion region 56, the 
state of which is shown in Fig. 3A. 

Next, phosphorus (P) ion is implanted selectively 

25 into the n-channel region at a dose of 5 x 10 13 cnrr 2 
with the gate electrode 45a as a mask thereby form- 
ing n~ diffusion regions 46 in pair in self-alignment. 
Then, boron (B) ion is implanted selectively into the 
p-channel region at a dose of 3 x 10 13 crrr 2 with the 

30 gate electrode 45b as a mask thereby forming the 
p~ diffusion regions 47 in pair in self- alignment. 

Subsequently, the first oxide film (200 nm thick 
of silicon dioxide is formed on the entire surface of 
the substrate 41 by the CVD method, then a mask 

35 having a predetermined pattern is disposed thereon 
and using CHF 3 gas, an anisotropic reactive ion etch- 
ing is applied to the first oxide film thereby remaining 
the first oxide film on the side surfaces of the gate 
electrodes 45a, 45b and the collector electrode 57. 

40 Thus, the first and second side wall spacers 49a and 
49b (each about 200 nm thick) are formed respective- 
ly on the side surfaces of the gate electrodes 45a and 
45b. In addition, the fourth side wall spacer 49d also 
is formed on the side surface of the collector elec- 

45 trade 57. However, the fourth side wall 49d may not 
be formed. 

Next, arsenic (As) ion is implanted selectively into 
the n-channel region at a dose of 5 x 10 15 cnrr 2 with 
the gate electrode 45a and first side wall 49a as a 

so mask thereby forming the n + diffusion regions 50 in 
pair in self-alignment, one of the regions 50 becoming 
the source region and the otherthereof becoming the 
drain region. Also, boron (B) ion is implanted selec- 
tively into the area where to become the base/emitter 

55 area of the bipolar transistor at a dose of 2,5 x 10 13 
cnrr 2 . Thus, the p" diffusion region, that is, the 
base/emitter region 62 is formed in the substrate 41 
in self-alignment At this stage, the ion injection is ap- 
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plied to the p-channel region, the state of which is 
shown in Fig. 3B. 

Next, the second oxide film 48 (200 nm thick) of 
silicon dioxide is formed on the entire surface of the 
substrate 41 shown in Fig. 3B by the CVD method, s 
then, a mask having a predetermined pattern is dis- 
posed thereon and using CHF 3 gas, the anisotropic 
reactive ion etching is applied thereto thereby selec- 
tively removing the oxide film 48 in the p-channel re- 
gion and the base/emitter region 62 of the bipolar w 
transistor. Thus, the oxide film 48 is remained on the 
outside surface of the second side wall spacer 49b of 
the p MOS transistor, which is made the third side 
wall spacer 49b (about 200 nm thick). At the same 
time, the second oxide film 48 is remained as a mask 15 
on the emitter/ base region 62 of the bipolar transis- 
tor, and through-holes 58 and 59 are formed in thus 
remained oxide film 48 so as to be extended to the 
surface of the emitter/ base region 62. 

Next, an n + polysilicon film (200 nm thick) is 20 
formed on the entire surface of the substrate 41 by 
the CVD method and patterned by a lithography tech- 
nology thereby forming the emitter electrode 60 at 
the area corresponding to the through-hole 58 of the 
second oxide film 48. The emitter electrode 60 is con- 25 
tacted through the through- hole 58 to the surface of 
the emitter/base region 62. The surface of the emit- 
ter/base region 62 is partially exposed through the 
through-hole 59 from the second oxide film 48, the 
state of which is shown in Fig. 3C. 30 

Subsequently, while a resist 63 used in forming 
the emitter electrode 60 is being remained thereon, 
boron fluoride ion is selectively implanted into the p- 
channel region at a dose of 5 x 1 0 15 cnr 2 with the gate 
electrode 45b and the second and third side walls 49b 35 
and 49c as a mask, and selectively implanted into the 
emitter/base region 62 of the bipolar transistor at the 
same dose with the resist 63 on the emitter electrode 
20 and the second oxide film 48 as a mask. Thus, the 
pair of the p + diffusion regions 51 respectively becom- 40 
ing the source and drain regions of the p MOS tran- 
sistor and the emitter diffusion region 61 of n" diffu- 
sion region and the base diffusion region 62 of p + dif- 
fusion region are simultaneously formed in self- 
alignment . The emitter region 61 is formed beneath 45 
the through-hole 58 and the base region 62a is 
formed beneath the through-hole 59. 

Then, the resist 63 on the emitter electrode 60 is 
removed, then, heat-treated under the nitrogen at- 
mosphere for, for example, 900 °C for ten minutes for so 
annealing and the inter-layer insulating film 64 of sil- 
icon dioxide is formed on the entire surface thereof, 
the state of which is shown in Fig. 3D. 

After forming contact holes in the inter-layer in- 
sulating film 64, the wiring layer of aluminum alloy is 55 
formed and patterned, thus finishing the semicon- 
ductor integrated circuit device of this second em- 
bodiment. 



According to the production method of this em- 
bodiment, in the semiconductor integrated circuit de- 
vice having n and p MOS transistors as well as having 
a bipolar transistor, the n and p MOS transistors can 
be structured in the LDD formation adapted to the 
both. In addition, in the MOS transistors, the third 
side wall spacer 49c is formed around the gate elec- 
trode 45b while the second oxide film 48 is being re- 
mained and at the same time, in the bipolar transistor, 
the emitter/base region 62 is covered with the second 
oxide film 48 having the through-holes 58 and 59, so 
that the distance between the through-hole 58 for the 
emitter region 61 and the through-hole 59 for the 
base region 62a can be always made constant As a 
result, without adding a production process, the emit- 
ter region 61 and base region 62 can be self-aligned 
in the optimum positional relationship. Consequently, 
the production method of this embodiment makes it 
possible to improve the performance and reliability of 
the bipolar transistor. 

[Third Embodiment] 

A semiconductor integrated circuit device of a 
third embodiment is shown in Fig. 4, which is a mod- 
ification of the device of the first embodiment. The 
device of this embodiment is different from the device 
of the first embodiment in that the first one has the 
gate electrode 25b of the p MOS transistor having two 
side wall spacers 29a and 29b formed of an oxide film 
there a round and on the other hand, this third em- 
bodiment has the gate electrode having a single side 
wall spacer 29e formed therearound. The side wall 
spacer 29e has a thickness about two times that of 
the side wall spacer 29a formed around the gate elec- 
trode 25a of the n MOS transistor as shown in Fig. 4. 
The side wall spacers 29a and 29e each is formed of 
silicon dioxide. 

The other components than the side wall spacer 
29e around the gate electrode 25b are similar to 
those of the first embodiment and indicated at the 
same reference numerals, and the detailed explana- 
tions on them will be omitted here. 

It is clear that the device of this third embodiment 
has the same effects as those of the first embodi- 
ment. 

In producing the device of this embodiment, with 
a mask deiposed on the insulating film when the side 
wall spacers 29a and 29e are formed, a through- hole 
formed in the mask at the position corresponding to 
the gate electrode 25b of the p MOS transistor is 
made larger in size than a through-hole formed in the 
mask at the position corresponding to the gate elec- 
trode 25a of the n MOS transistor. And thereafter the 
anisotropic reactive ion etching is carried out with us- 
ing the mask. As a result, only one oxide film may be 
used for the side wall spacers 29a and 29e. 

In each embodiment, the first and second oxide 
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films are anisotropically patterned by the reactive ion 
etching operation using CHF 3 gas. However, any 
method can be used for this purpose if it can effect 
the same action. 

Thus, to summarise the preferred embodiments, s 
a semiconductor integrated circuit device having n- 
and p-type insulated-gate FETs is provided. First and 
second side wall spacers each made of an insulating 
film are provided respectively around the gate elec- 
trode of the p-type FET and the gate electrode of the 10 
n-type FET and, a third side wall spacer made of an 
insulating film is additionally provided only on the side 
surface of the second side wall spacer. The first and 
second side wall spacers are substantially equal in 
thickness to each other. As a result, the thickness of is 
the spacer of the p-type FET becomes larger than 
that of the n-type FET, thus being capable of forming 
the spacers with the optimum thickness respectively 
for the n- and p-type FETs. Consequently, satisfacto- 
ry performance and reliability can be provided on 20 
both types of the FETs. 

Claims 

25 

1. A semiconductor integrated circuit device having 
n- and p-type insulated-gate field effect transis- 
tors formed on a semiconductor substrate, said 
transistors each having a lightly doped drain 
structure, wherein; 30 

said n-type insulated-gate field effect tran- 
sistor has a first side wail spacer made of an in- 
sulating film formed around its gate electrode; 
and 

said p-type insulated-gate field effect tran- 35 
sistor has a second side wall spacer made of an 
insulating film formed around its gate electrode 
and a third side wall spacer made of an insulating 
film formed on the outside surface of said second 
side wall spacer. 40 

2. The semiconductor integrated circuit device as 
claimed in claim 1, wherein said first side wall 
spacer is substantially equal in thickness to said 
second side wall spacer. 45 

3. The semiconductor integrated circuit device as 
claimed in claim 1, wherein said semiconductor 
substrate has a bipolar transistor formed there- 
on. 50 

4. The semiconductor integrated circuit device as 
claimed in claim 3, wherein an insulating film of 
the same material as that of said insulating film 
making said third side wall spacer is formed on an 55 
emitter region and base region of said bipolar 
transistor and said emitter region and base region 

are formed in self-alignment 



5. A production method of a semiconductor integrat- 
ed circuit device having n- and p-type insulated- 
gate field effect transistors formed on a semicon- 
ductor substrate, said transistors each having a 
lightly doped drain structure, said production 
method comprising the steps of: 

forming a first side wail spacer and a sec- 
ond side wall spacer, each made of a first insu- 
lating film, respectively on the side surface of a 
gate electrode of said n-type insulated-gate field 
effect transistor and of the side surface of a gate 
electrode of said p-type insulated-gate field ef- 
fect transistor; and 

forming a third side wall spacer made of a 
second insulating film only on the outside sur- 
face of said second side wall spacer of said p-ty- 
pe insulated-gate field effect transistor. 

6. The production method as claimed in claim 5, 
wherein the step of forming said third side wall 
spacer comprises the steps of: 

forming a second insulating film so as to 
cover the surface of both types of said transistors 
respectively having said first and second side 
wall spacers formed thereon; and 

anisotropically etching said second insu- 
lating film so as to remain said second insulating 
film in a predetermined area around said gate 
electrode of said p-type transistor and in the area 
which covers the surface of said n-type transistor 
therewith. 

7. A semiconductor integrated circuit device having 
n- and p-type insulated-gate field effect transis- 
tors formed on a semiconductor substrate, said 
transistors each having a lightly doped drain 
structure, wherein; 

a side wall spacer made of an insulating 
film formed on the side surface of a gate elec- 
trode of said n-type insulated-gate field effect 
transistor is larger in thickness than a side wall 
spacer made of an insulating film formed on the 
side surface of a gate electrode of said p-type in- 
sulated-gate field effect transistor. 

8. The semiconductor integrated circuit device as 
claimed in claim 7, wherein said side wall spacer 
of said p-type transistor is made of a single insu- 
lating film. 

9. A production method of a semiconductor integrat- 
ed circuit device having n- and p-type insulated- 
gate field effect transistors formed on a semicon- 
ductor substrate; said transistors each having a 
lightly doped drain structure, said production 
method comprising the steps of: 

forming a first side wall and a second side 
wall, each made of a first insulating film, respec- 
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trvely on the side surface of the gate electrode of 
said n-type insulated-gate field effect transistor 
and the side surface of the gate electrode of said 
p-type insulated-gate field effect transistor; 

forming a second insulating film on the 5 
surfaces of said n- and p-type transistors respec- 
tively having said first and second side waits 
formed thereon and on the surface of said bipolar 
transistor; and 

forming a etching said second insulating 10 
film with a mask disposed on said second insu- 
lating film so that said second insulating film 
around said second side wall spacer of said p-ty- 
pe transistor and in the other area than said emit- 
ter region and base region of said bipolar trans is- is 
tor may be removed, and thereby a third side wall 
spacer is formed of said insulating film remained 
around said second side wall spacer and at the 
same time, a masking insulating film having 
through- holes respectively extended to the sur- 20 
faces of said emitter region and base region is 
formed on said emitter region and base region. 

10. The production method as claimed in claim 9 

comprising the steps of: 25 

forming an emitter electrode on said mask- 
ing insulating film on said emitter region and base 
region by a lithography technology; and 

performing an ion -implantation into said 
emitter region and base region, while a resist film 30 
used for forming said emitter electrode is being 
remained thereon, with said remained resist film 
and said masking insulating film as a mask. 
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FIG.1A 
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FIG.2A 
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FIG.3A 
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FIG. 3D 
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